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Market Structure of International Construction Professional Services: 
Evidences from Top Design Firms 
Weiyan Jiang1, Xin Hu2, Kunhui Ye3, and Johnny K.W. Wong4 
 
ABSTRACT 
 
Construction professional service (CPS) in the international arena has been very competitive 
despite that the industry is proliferating at a high rate. To excel in international business, CPS 
firms have the importance of building overseas competition strategies on a proper understanding 
of the international CPS (I-CPS) market. However, subject to borderless trade, information 
technology-based networking, global outsourcing and changing forms of procurement, the I-CPS 
market structure has become more covert, intricate and unstraightforward than before. Through 
examining business competition among top international design firms, this study aims to identify 
the attributes of the I-CPS market structure from two perspectives – concentration and turnover. 
Data from Engineering News-Record over the period 2001-2011 were collected to calculate 
market concentration ratios and turnover indices. The results show that I-CPS competition is 
characterized by atomism, much turbulence with a steady increase in competition intensity, and 
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the predominant role of new entrants and exiting firms in market turnovers. The combination of 
concentration and turnover is found useful to address the attributes of the I-CPS market structure, 
which favors I-CPS firms to formulate international competition strategies in due ways. 
 
KEYWORDS 
 
Construction professional services, international construction, design business, competition 
intensity, concentration, market turnover 
 
INTRODUCTION 
 
Construction professional service (CPS) is a sector of bilateral trade in the international 
architecture, engineering and construction (AEC) industry. This sector refers to design business 
which according to Engineering News-Record (ENR) is provided by architects, engineers, 
engineer-contractors, architect-engineers, engineer-architects, environmental and geotechnical 
engineers, landscape architects and planners. The erosion of trade boundaries around the globe 
provides a catalyst for many domestic firms to explore international CPS (I-CPS) business by 
means of technology transfer and foreign investment (ENR 2004). Therefore, I-CPS can be 
provided by incumbent firms that mainly originate from Europe, North America and Japan given 
the influx of international competitors from developing countries such as China and India 
(Global Construction Perspectives and Oxford Economics, 2011).  
 
The I-CPS industry is prone to changes in parallel with the broader social and political climate, 
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where firms enter and exit, grow and vanish, and merger and acquire. A typical example is 
WorleyParsons, which did not enter the list of ENR 2001 top 200 international design firms 
(IDFs), but ranked first in 2011 with an international revenue increased to USD 2,850.6 million. 
Another case is WSP which merged with a Canadian consultancy Genivar in 2012 to establish a 
world-class design firm. There may arise considerable market turnovers that coincide with the 
fluctuation of either WorleyParsons or Genivar and can shape the I-CPS market structure as a 
consequence. Since business competitiveness is embedded in market conditions (Porter, 1980), I-
CPS firms need to exploit opportunities, neutralize threats, and ascertain that their competition 
strategies are fitted with the changing industry.  
 
A wealth of research has addressed CPS in an attempt to outline its definition and attributes 
(Jewell et al. 2010), statistical tools for measurement (Jewell and Flanagan 2012), and strategies 
for erecting competitive advantages (Zhao et al. 2009), but few attempts have been made to 
examine I-CPS (Lu et al. 2013). Firm number is a traditional approach that measure the extent to 
which a pool of firms struggle for common objects (Ngai et al. 2002; Ye et al. 2014). The basic 
idea is that competition can be stronger through a rise in the density of competitors. A niche 
market is characterized by the heterogeneity of commodities and the diversity of market players. 
Whereas firm number is of usefulness to appraise I-CPS competition among existing competitors, 
the appraisal might not make sense to the part of potential competitors. Additionally, 
concentration is another conventional approach to measuring market structure, and it has gained 
an upsurge of academic attention in recent years (Yang et al 2012; Ye et al. 2014). However, this 
approach has been criticised for its deficiency in addressing a dynamic nature of market structure 
(Bajo and Salas 2002). The criticism goes to the fact that the measurement is based on market 
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performance, regardless of the changes that the industry has experienced. Bearing these in mind, 
researchers have claimed to complement concentration with other approaches such as market 
turnover to make the measurement meaningful (Wang 2004; Ye 2009). 
 
This study aims to investigate business competition among top international design firms with a 
view to identify the attributes of I-CPS market structure. Concentration and turnover were 
adopted in accordance with the theories of “structure-conduct-performance” in industrial 
economics. Firms compete on a few dimensions such as price, service to customers, distribution 
channels, products and financing. By examining the market structure, competitors’ behaviors 
would be more supportive. Furthermore, the measurement of market structure details the number 
and concentration of participating firms, the characteristics of products/services, and the variation 
of market environments. This favors I-CPS firms to take advantage of market opportunities, 
prepare for challenges ahead, and formulate competitive strategies in due manners. 
 
BACKGROUND 
 
I-CPS 
 
A CPS firm provides assistance to the client in reaching construction project targets. Similar to 
other professional services (Alvesson 1995; Tan 1996), CPS is offered through a production 
chain, which is unfolded along the construction process (Huang and Hsueh 2007; Jewell and 
Flanagan 2012). Construction works that a CPS firm might be assigned normally include the 
tasks of resolving regular construction problems, the increasingly sophisticated construction 
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technology and potential sustainability challenges. Only undertaking work assignment efficiently 
can they demonstrate value-added to the client. However, different clients have different 
demands on to-be-built projects. This is the case especially in the international AEC industry. 
International clients differ from each other in terms of cultural background, project governance, 
and services demand. To get ready for construction issues ahead, CPS firms ought to upgrade 
service paradigms as promptly as they could (Lu and Sexton 2006). A CPS firm may conduct 
international business if they are able to erect production chains overseas effectively (Alvesson 
1995; Jewell and Flanagan 2012).  
 
Previous studies have stressed the necessity of competitor analysis prior to the commencement of 
business operation in a new market and have called for taking different measures to enhance CPS 
competitiveness (Zhao et al. 2011; Zhao et al 2012). For instance, based on a strength, weakness, 
opportunities and threat analysis, strategies such as “use international experience to provide 
superior quality service to high-end customers” are supposed to underscore foreign CPS firms to 
run business in China (Zhao et al. 2011). It seems therefore that a high quality level of human 
capital stays at the core of competitive advantages. In effect, indispensable to the production 
chain is the accumulation of human capital to favor CPS firms to know clients/owners, construct 
a well-qualified team, propose a useful project approach, and keep effective communication with 
stakeholders (Lu et al. 2013; Avila 1997; Hecker 1996).  
 
CPS is in nature knowledge-intensive as evidenced by the relatively intensive inputs of 
technology and human capital (Carr et al. 2002; Christodoulou et al. 2004; Styles et al 2005). 
There is a view in modern economics that acquiring knowledge through education is one of the 
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principal contributors to the improvement of human capital (Blundell et al. 1999). According to 
the constructor certification program proposed by the American Institute of Constructors, a 
certified professional constructor shall have knowledge of project scope development, 
employment practices, working relationships, construction star-up and support, construction 
resource management, construction cost control, project closeout, construction risk management 
and ethics. What a CPS firm needs first and foremost is the successful creation and management 
of multidisciplinary knowledge (Lu and Sexton 2006). Nonetheless, knowledge can be duplicated, 
diffused and shared industrywide in a short while. Competitive advantages that an I-CPS firm has 
gained would fade rapidly if competitors have identical knowledge and skills. Since potential 
entrants can accumulate human capitals by acquiring relevant knowledge easily, the market entry 
barriers must be low. The lower the market entry barriers, the larger the magnitude of domestic 
firms to venture overseas. As such, the I-CPS market structure should be vulnerable in theory.  
  
Overview of the I-CPS industry 
 
The I-CPS industry has expanded dramatically in both market size and the population of market 
players. As shown in Figure 1, the revenues of top 200 international design firms (IDFs) had 
ascended from USD 18.86 billion in 2003 to USD 57.63 billion in 2011 in nominal values. In the 
meanwhile, different regions or countries had shown a boom of market capacity. For instance, 
the Europe market increased 2.5 times during the period 2003-2011 with the revenue increased to 
USD 13.26 billion in 2011. 
 
Insert Fig. 1 here 
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The I-CPS market is dominated by design firms that are from Europe, America, Canada, 
Australia, Japan, China and Korea. In 2011, the market shares of these countries’ design firms 
were about 95%. As indicated in Figure 2, IDFs’ revenues from different regions or countries 
increased simultaneously over the period 2001-2011. For instance, the revenues of European 
firms had increased from USD 7.35 billion to USD 23.25 billion over the analysed period of time.  
 
Insert Fig. 2 here 
 
BUSINESS COMPETITION AND MARKET STRUCTURE 
 
Competition is an all-pervading terminology in the areas of both ecology and economics, which 
fundamentally means the struggle of individuals/organizations for predefined business objectives 
(e.g., profits, sales and/or market share). In this context, competition is often equated with rivalry 
(Belcher et al. 1995; Bain 1968). Under certain circumstances where there are two or more firms, 
competition may take place in terms of price, quality, service or combinations of these. Due to 
the effect of competitive pressures, firms strive to be more efficient and offer greater choice of 
products/services at lower prices. The essence of competition entails attempts by firms to gain 
advantage over rivals, and it gives rise to market turnover and the variation of market structure.  
 
Concentration-based attributes of market structure 
 
The nature of economies of scale, product differentiation and market entry barriers drives the 
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distribution of market shares to change over time (Porter 1980), spanning widely from monopoly 
(nil competition) to perfect competition (adequate competition). In appreciating this distribution 
scope, a mainstream of thoughts in the discipline of industrial economics asserts using 
concentration to quantify market structure (Greer 1992). The concentration approach elaborates 
the extent to which a number of firms account for a large proportion of economic activities such 
as total sales and assets, assuming a value between 0 (adequate competition) to 1 (nil competition) 
(Egghe 2005; George 1972). Supposed there is only one firm in an industry, the market shares 
will be completely concentrated, and the market structure is sole. In reverse, an even distribution 
of market shares mirrors that all firms have similar competitiveness and market impact. 
Concentration is therefore used as an useful indicator of market power and market structure.   
 
Turnover-based attributes of market structure 
 
Concentration is a static measure reflecting the characteristics of a size-distribution at a point of 
time. Nevertheless, if the identity of incumbent firms in an industry keeps changing over time, 
even persistently high levels of concentration could not convey the absence of competitive 
forces. Hayek (1948) pointed out that competition is a process to discover who, how and what 
would satisfy customers’ needs best. In this connection, winners survive while losers diminish. 
Such dynamic nature of competition can be described under the heading of market turnover, 
which refers to the industrial phenomenon wherein firms enter and exit, grow and decline. As 
Das et al. (1993) highlighted, if the turnover of market shares occurs significantly, the probability 
of being a competitive market will be high. For this reason, market mobility has been used to 
describe the transfers of market shares from losers to winners and it is thus viewed as a proxy for 
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market structure (Van Kranenburg, 2002). Entrants and exiting firms are two major forces that 
undermine a stable market structure. A synonym to market mobility is market instability, which 
in another angle spells out firms’ capabilities in defending market positions (Barla 1999; Gort 
1963). A higher degree of mobility or instability means a higher frequency of market turnover 
and a higher level of competition intensity in the industry.  
 
To summarize, much of what happens in competition process will be manifested by changes in 
relative firm positions; concentration and turnover are two approaches that can be used to 
identify the attributes of market structure from different sides.  Since a concentrated industry 
usually has formidable barriers to both entry and internal mobility, these two approaches are 
related and are adopted in the current study.  
 
MODEL DETERMINATION 
 
The effectiveness of models for either concentration or turnover depends on whether they have 
the strength of classifying market structures into several distinctive groups. Concentration views 
competition as a state of affairs, while turnover describes competition as a dynamic process 
(Baldwin and Gorecki 1994). Based on the above discussion over I-CPS competition, mathematic 
models for these two approaches are considered.  
 
Concentration 
 
Various concentration measures have been suggested in the field of industrial economics (Ye et 
al. 2009). As shown in Table 1, concentration can be quantified in some ways, all having two 
10 
 
basic variables in common, namely firm number (n) and firm i's market share (si). Due to 
convenient data collection for these two variables, CRn  and the Herfindahl Index (HIn) have 
deserved much application, while entropy, HNEn , Gini coefficient and Hall-Tideman Index have 
not. In the current study, CR4 refers to the percentage of market shares which the largest four 
international design firms account for. The use of CR4 in the study is also because of its attempt 
to measure the number and relative size inequality of firms in an industry as well as its well-
known benchmarks, namely highly concentrated oligopoly (1.00-0.75), moderately concentrated 
oligopoly (0.50-0.749), slightly concentrated oligopoly (0.25-0.499) and atomism (0.00-0.249) 
(Baldwin and Gorecki 1994). As a rule of thumb, a larger value of CR4 means a higher degree of 
market monopoly and a smaller level of competition. 
 
Insert Table 1 here 
 
Market mobility/instability 
 
Mobility is measured in two approaches. One is the TURE model proposed by Baldwin and 
Gorecki (1994) which reflects not only the overall market change but also the impacts of entrants, 
exiting and continuing firms on market mobility. Entrants start with zero market share, while 
exiting firms end with zero market share. Market mobility for entrants and exiting firms is 
expressed with the following equations (van Kranenburg 2002). 
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Where EN and EX refer to new entrants and exiting firms respectively; 2entryδ  and 2exitδ  denote the 
variances of market shares owned by entrants and exiting firms respectively; entrym  and  exitm are 
the mean values of market shares owned by entrants and exiting firms respectively; ∑=
EN
i ti
m
1 ,
refers to the joint market shares of entrants at time t; ∑=
EX
i i
m
1 0,
is the joint market shares of 
exiting firms at time 0. 
 
The TURE model proposed by Baldwin and Gorecki (1994) separates market turnover into two 
parts – TURNE and TURNC. TURNE addresses the market force of entrants and exiting firms, 
while TURNC is concerned with the market force of continuing firms. TURE varies between 0 
and 1. The closer to 0, the less the market turnover would be. 
 
TURE = TURNE + TURNC                                                                           (3) 
TURNE = 0.5 (EN + EX)                                                                                (4) 
TURNC = 0.5 (CNGN + CNLS)                                                                     (5) 
 
Where EN is the aggregate market shares of entrants at time t; EX is the aggregate market shares 
of exiting firms at time 0; CNGN is the aggregate percentage point market share increase of 
continuing firms between 0 and t; CNLS is the absolute value of aggregate percentage point 
market share decrease between 0 and t; TURNE is the changes of entrants and exiting firms; 
TURNC is the changes of continuing firms. 
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The other model of mobility is the statistics of GORSH and REGSH given below, both 
illustrating the stability of a market structure from the pattern of market share change (Baldwin 
and Gorecki 1994). CORSH delineates the correlation between the market share list at time 0 and 
the list at time t. The closer the CORSH value to 1, the higher the correlation. REGSH calculates 
the regression coefficient of ordinary least squares by relating time t’s market shares to time 0’s 
market shares. The closer the REGSH value to 1, the more stable the market (Baldwin and 
Gorecki 1994). 
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Where n is the number of continuing firms over the time period;  0m  is the mean of firms’ market 
shares at time 0; tm  is the mean of firms’ market shares at time t; ,0im  is the market shares o f 
firm i at time 0; ,i tm  is the market shares of firm i at time t; 
 
DATA 
 
Data collection 
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Data from the US-based survey of Engineering News-Record (ENR) were appreciated useful to 
the study. ENR annually publishes top 200 IDFs, both publicly and privately held, and the IDFs 
are ranked according to the revenues of design services performed outside home countries. 
According to ENR, I-CPS includes a wide range of knowledge- intensive realms, namely general 
building (GEN. BLDG.), manufacturing (MGF.), power (POWER), water supply (WATER 
SUPPLY), sewerage/solid waste (SEWER/WASTE), industrial process (INDUSTRIAL), 
petroleum (PETROLEUM), transportation (TRANSP.), hazardous waste (HAZ. WASTE), and 
telecommunications (TELECOMM). The subsector of INDUSTRIAL is combined with 
PETROLEUM as INDUS./ PETRO., and hence nine subsectors are available in the ENR lists.  
 
ENR data about the top 200 IDFs over the period 2001-2011 were collected in view of 
availability and completeness. Therefore, it is assumed that entrants referred to those firms 
entered in year 2011’s list but not in 2011, their revenues being zero at the very beginning. 
Exiting firms are those firms listed in 2001 but exited in 2011, their revenues being zero in 2011. 
Continuing firms referred to businesses staying in the ENR lists over the period of time. Annual 
revenues for each I-CPS firm were converted into market shares per year. The derived market 
shares were adopted to calculate both concentration ratios and market mobility indices.  
 
Concentration ratios 
 
It is quite hard, if not impossible, to identify all I-CPS firms in the international AEC industry. 
As an alternative, CR4 was calculated by the relative market shares of four largest IDFs to the top 
200 IDFs. The results are shown in Table 2. 
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Insert Table 2 here 
 
As given in the second column, the mean of CR4 for the whole industry ranges from 0.1677 to 
0.2406.  
 
Turnover indices 
 
The derived turnover indices are given in Table 3. There are three categories of turnovers, namely 
111 entrants, 111 exiting firms and 89 survivals. Of all the survivals, 30 are found successful in 
holding market positions, 28 gained a higher rank, while 31 moved to lower ranks.  
 
Insert Table 3 here 
 
Based on the coefficients listed in Table 4, the mean of TURE for the nine subsectors is 0.6325, 
being a distinctive variance about the overall market change and a relatively intense competition 
in the I-CPS industry.  
 
Insert Table 4 here 
 
Analysis on continuing firms is helpful to identify market powers they own in securing market 
shares. Both CORSH and REGSH were calculated by computing the correlation between the 
market share list in 2001 and the counterpart in 2011. The results of CORSH and REGSH per 
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subsector were derived as given in Table 5.  
 
Insert Table 5 here 
 
Table 6 describes the frequency of correlation coefficients based on Table 5. The nine subsectors 
are categorized in accordance with the combination of CORSH and REGSH. Overall, the mean 
of RGESH for the nine subsectors is 0.6981, which illustrates the extent to which design firms 
regress towards the mean and small IDFs grow fast relative to large firms. Specifically, the values 
of REGSH in the sectors are less than 1.00, indicating that smaller design firms have larger 
growth. 
 
Insert Table 6 here 
 
FINDINGS AND DISCUSSION 
 
From concentration to market structure 
 
The coefficients shown in Table 2 reveal that the I-CPS market obeys the criterion of atomism. 
This implies that the market structure has numerous homogenous firms; it is proximate to perfect 
competition. The concentration ratios between 2007 and 2011 had less variance than before, 
suggesting that the market structure tends to be equivalent. Basically, atomistic competition is 
representative of many small firms, absence of economies of scale, firms being price takers, low 
profits and low prices for consumers. In this sense, few I-CPS providers may dominate the 
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industry.  
 
Table 2 also indicates two categories of market structure. One is a moderately concentrated 
oligopoly with CR4 larger than 50%, including the sectors of MGF. (52.66%), HAZ.WASTE 
(68.85%) and TELECOMM (70.64%). The other refers to a slightly concentrated oligopoly as all 
the CR4 mean values are smaller than 50%. The GEN. BLDG. sector has the smallest 
concentration ratios, and the business competition is strongest. As stipulated in the CR4 
benchmark, competition in moderately concentrated oligopoly markets should be weaker than 
that in those slightly concentrated. Furthermore, the standard deviations of CR4 for MGF. 
(0.0993) and TELECOMM (0.0891) are minor, implying that the four largest firms in the 
moderately concentrated oligopoly are faced with less unchanged market forces. Consequently, 
in comparison to the overall market structure, I-CPS subsectors have a concentrated distribution 
of market shares. 
 
From turnover to market structure 
 
Either entrants or exiting firms have the difficulty in securing market positions. They must have 
to or have put considerable efforts to fortify a certain higher level of competitiveness. This is the 
case in the I-CPS industry. As shown in Table 3, the total number of either entrants or exiting 
firms are larger than that of survivals, and new entrants rarely enter 125 or above after ten years 
of growth. The numbers on the diagonal line of Table 3 indicate those firms that succeeded in 
securing market positions over the years. It is found that three of top ten in 2001 exited from the 
2011 ENR list, indicating that most of the largest I-CPS firms are able to maintain competitive 
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advantages.  
 
Table 4 shows TURNE has larger coefficients than TURNC across the nine subsectors. As such, 
the aforementioned findings that new entrants and exiting firms generate greater impacts on the 
market turnover than incumbent firms can be echoed. Based on Table 5, it is also found that the 
correlation between TURNE and TURNC is statistically insignificant under 5% level, illustrating 
a weak correlation between the entry/exit-based turnover and the continuing firms-based 
turnover. Hence, entrants and exiting firms form the key drivers of market turnover.  
 
The larger the CORSH, the higher the probability of being a stable industry. The coefficients 
shown in Table 5 demonstrate that HAZ. WASTE has the highest CORSH value, indicating that 
their market structures must be most stable. ccording to Baldwin and Gorecki  In addition, a
(1994), REGSH reflects the extent to which firms, on average, regress towards the mean 
(REGSH < 1), experience no change (REGSH =1), or the extent to which the market forces cause 
large firms to have more growth relative to small ones (REGSH > 1). Except HAZ.WASTE, most 
of REGSH values are smaller than 1, showing that large firms are shrinking more market shares 
than small ones. Furthermore, an industry can be deemed instable, or having considerable market 
turnover, if its CORSH falls into (0.00-0.89) and REGSH into (0.00-0.89; 1.10+) (Baldwin and 
Gorecki 1994). Therefore, as Table 6 indicates, most of the subsectors are instable or vulnerable.  
 
Competition strategies for I-CPS firms 
 
As identified above, the general I-CPS industry is akin to perfect competition, and incumbent 
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firms have great difficulty in raising and maintaining price above the level that would prevail 
under competition. Although potential entrants may find it easy to pursue I-CPS business, 
running all the I-CPS businesses at the same time might not be an effective competition strategy. 
The I-CPS industry is composed of a few uncompetitive subsectors where top four firms can 
dominate the market, and potential entrants would encounter huge market entry barriers posed by 
incumbent firms. CPS is in nature knowledge intensive and its production factors are primarily 
human capital. Thus, the market entry barriers are arguably about human capital. A CPS firm can 
own a high quality of human capital by means of merger or collusion, and professions can be 
cultivated by education or training. It should be a good idea that I-CPS firms give the priority to 
those concentrated subsectors if they have a certain quality of human capital. 
 
The I-CPS sector overall has much market turbulence. The main reasons go to the impacts caused 
by new entrants on the market structure. While top IDFs stay competitive, large firms are on 
average shrinking market sizes subject to the effect of market forces. This can be concurred by 
the uncorrelated relationships between the turnovers of entrants/exiting firms and those of 
incumbent firms, suggesting that the threats of incumbent firms are probably from the 
counterparts; new entrants are faced with many market opportunities, but they need to take 
longer time to build up corresponding competitive strengths.  
 
Approaches for Measuring the I-CPS market structure 
 
An in-depth analysis on competitors enables firms to recognize market opportunities and 
potential threats. It is time-consuming and of great difficulty for a CPS firm to search for an 
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effective approach to predict potential competitors in the international arena. The results of 
concentration indicate that both the I-CPS industry and its subsectors have been experiencing 
fiercer competition than before. The turnover-based market structure reveals how a competition 
status has been formed, and that entrants and exiting IDFs are the prime drivers of market 
turnover. In addition, the concentration approach reinforces that sub-sectors such as 
TELECOMM and MGF. belong to the category of “moderately concentrated oligopoly”. 
Nevertheless, based on the turnover indices, these two subsectors have highest TURN values, 
which means they were experiencing substantial industrial changes. The underlying reason for 
this can be that the market instability is embodied with considerable identity changes of CPS 
firms in the market share lists. Therefore, these two models have shown complementary results 
of competition in the I-CPS sector. 
 
CONCLUSIONS 
 
Construction professional services (CPS) has been the targets of many construction firms as a 
means of exploring overseas business. Properly understanding what happens in the international 
CPS (I-CPS) market and uncovering the reasons behind the happenings matters to I-CPS firms. 
The research findings show that the I-CPS market has in general very competitive, firms are price 
takers, and few of them have overwhelming market powers. In spite of inherent industrial 
linkages, concentration ratios in the I-CPS subsectors differ from one to another, rather than 
freezing at some levels. In effect, some subsectors are highly concentrated, and the incumbent 
firms may prevent or deter the entry of new firms into the market. Additionally, while a few 
largest firms are good at sharping competitive edges, many large firms are apt to be identical. 
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Furthermore, entrants and exiting firms are the main engines of market turnover. Consequently, it 
can be concluded that competitive pressures that an I-CPS firm is aware of trigger from its 
competitors that have similar business structure with similar firm sizes.  
 
This research examines I-CPS competition from the perspectives of concentration and market 
turnover. These two measures represent two mainstream viewpoints on industrial competition in 
the industrial economics. The research findings provide empirical evidences to demonstrate the 
usefulness of combining them in the examination on market structure and add new insights into 
the knowledge body on CPS. This study has some limitations because the data are confined to 
top 200 international design firms. It should be pointed out that entrants or exiting firms 
considered in this study depends on whether or not they entered the relevant ENR lists. Truly, this 
does not mean that they really abandon international business if they are not included in the lists. 
Future research is recommended to investigate how to formulate competition strategies in line 
with the characteristics of I-CPS competition. 
 
REFERENCES 
 
Adelman, M. A. (1951). "The measurement of industrial concentration.” The Review of 
Economics and Statistics, 33(4): 269-296. 
Adelman, M. A. (1969). “Comment on the" H" concentration measure as a numbers-equivalent.” 
The Review of Economics and Statistics, 51(1): 99-101. 
Alvesson, M. (1995). Management of knowledge-intensive companies. Companies. Berlin, de 
Gruyter. 
21 
 
Avila, E.A. (1997). "Demystifying the Local Agency Procurement and Selection Process for 
Professional Engineering Consultant Services." Journal of Management in Engineering 
13(2): 92-95. 
Bain, J.S. (1968). Industrial Organization. New York, John Wiley. 
Bajo, O. and Salas, R. (2002). "Inequality Foundations of Concentration Measures: An 
Application to the Hannah-Kay Indices." Spanish Economic Review 4(4): 311-316. 
Baldwin, R.J. and Gorecki, P.K. (1994). "Concentration and Mobility Statistics in Canada's 
Manufacturing Sector." Journal of Industrial Economics 42(1): 93-103. 
Barla, P. (1999). "Market Share Instability in the US Airline Industry." Journal of Applied 
Business Research 15(4): 67-79. 
Belcher, J.W., Keddy, P.A. and Twolan-Strutt, L. (1995). "Root and Shoot Competition Intensity 
Along a Soil Depth Gradient." The Journal of Ecology 83(4): 673-682. 
Blundell, R., Dearden, L., Meghir, C., Sianesi, B. (1999) "Human Capital Investment: The 
Returns from Education and Training to the Individual, the Firm and the Economy. " 
Fiscal Studies 20 (1), 1-23. 
Carr, P.G., De La Garza, J.M. and Vorster, M.C. (2002). "Relationship Between Personality Traits 
and Performance for Engineering and Architectural Professionals Providing Design 
Services." Journal of Management in Engineering 18(4): 158-166. 
Chiang, Y. H., Tang, B. S., and Leung, W. Y. (2001). “Market structure of the construction 
industry in Hong Kong.” Construction Management & Economics, 19(7): 675-687. 
Christodoulou, S., Griffis, F.H., Barrett, L. and Okungbowa, M. (2004). "Qualifications-based 
Selection of Professional A/E Services." Journal of Management in Engineering, 20(2): 
34-41. 
22 
 
Das, B.J., Chappell, W.F. and Shughart, I.W.F. (1993). "Advertising, Competition and Market 
Share Instability." Applied Economics 25(11): 1409-1012. 
Davies, S. (1979). “Choosing between concentration indices: The iso-concentration curve.” 
Economica, 46(181): 67-75. 
Egghe, L. (2005). "Zipfian and Lotkaian Continuous Concentration Theory." Journal of the 
American Society for Information Science & Technology 56(9): 9325-9345. 
Engineering News-Record (ENR) (2004). "The Top 150 Global Design Firms." Engineering 
News-Record 253(4): 38-42. 
George, K.D. (1972). "Concentration and Specialization in Industry." Journal of Industrial 
Economics 20(2): 107-123. 
Ghosh, A. (1975). “Concentration and growth of Indian industries, 1948-68.” The Journal of 
Industrial Economics, 23(3): 203-222. 
Global Construction Perspectives and Oxford Economics. (2011). "Global Construction 2020 - A 
Global Forecast for the Construction Industry over the Next Decade to 2020." from 
http://www.wcoeusa.com/sites/default/files/RICSGlobalConstructionForecast2020%5B1
%5D.pdf. 
Gort, M. (1963). "Analysis of Stability and Change in Market Shares." Journal of Political 
Economy 71(1): 51-63. 
Greer, D.F. (1992). Industrial Organization and Public Policy. New York, Macmillan Publishing 
Company. 
Hall, M., and Tideman, N. (1967). “Measures of concentration.” Journal of the American 
Statistical Association, 62(317): 162-168. 
Hayek, F.A. (1948). The Meaning of Competition, Individualism and Economic Order. Chicago, 
23 
 
University of Chicago Press. 
Hecker, P.A. (1996). "Human Resources Strategies for Successful Consulting Engineering 
Firms." Journal of Management in Engineering 12(5): 32-36. 
Horowitz, A., and Horowitz, I. (1968). “Entropy, Markov processes and competition in the 
brewing industry.” The Journal of Industrial Economics, 16(3): 196-211. 
Huang, C.F. and Hsueh, S.L. (2007). "A Study on the  Relationship Between Intellectual Capital 
and Business Performance in the Engineering Consulting Industry: A Path Analysis." 
Journal of Civil Engineering and Management 13(4): 265-271. 
Jewell, C. and Flanagan, R. (2012). "Measuring Construction Professional Services Eexports: A 
Case for Change." Building Research & Information 40(3): 337-347. 
Jewell, C., Flanagan, R. and Anac, C. (2010). "Understanding UK Construction Professional 
Services Exports: Definitions and Characteristics." Construction Management and 
Economics 28(3): 231-239. 
Lu, S.L. and Sexton, M. (2006). "Innovation in Small Construction Knowledge- Intensive 
Professional Service Firms: A Case Study of an Architectural Practice." Construction 
Management and Economics 12(24): 1269-1282. 
Lu, W., Ye, K., Flanagan, R. and Jewell, C. (2013). "Developing Construction Professional 
Services in the International Market: SWOT Analysis of China." Journal of Management 
in Engineering 29(3): 302-313. 
Ngai, S.C., Drew, D.S., Lo, H.P. and Skitmore, M. (2002). "A Theoretical Framework for 
Determining the Minimum Number of Bidders in Construction Bidding Competitions." 
Construction Management and Economics 20(6): 473-482. 
Porter, M. (1980). Competitive Strategy: Techniques for Analysing Industries and Competitors. 
24 
 
New York, Free Press. 
Sawyer, C. M. (1985). The economics of industries and firms, Croom Helm, London. 
Styles, C., Patterson, P.G., La, V.Q. (2005). "Executive Insights: Exporting Services to Southeast 
Asia: Lessons from Australian Knowledge-based Service Exporters." Journal of 
International Marketing 13(4), 104-128. 
Tan, R.R. (1996). "Information Technology and Perceived Competitive Advantage: An Empirical 
Study of Engineering Consulting Firms in Taiwan." Construction Management and 
Economics 14(3): 227-240. 
van Kranenburg, H. (2002). "Mobility and Market Structure in the Dutch Daily Newspaper 
Market Segments." Journal of Media Economics 15(2): 107-123. 
Wang, D. (2004). The Chinese Construction Industry from the Perspective of Industrial 
Organization, North-western University. 
Yang, H., Chan, A., Yeung, J. and Li, Q. (2012). "Concentration Effect on Construction Firms: 
Tests of Resource Partitioning Theory in Jiangsu Province (China) from 1989 to 2007." 
Journal of Construction Engineering and Management 138(1): 144-153. 
Ye, K.H. (2009). Modelling Competition Intensity in Construction Market, The Hong Kong 
Polytechnic University. PhD. 
Ye, K.H., Lu, W.S and Jiang, W.Y. (2009). "Concentration in the International Construction 
Market." Construction Management and Economics 27(12): 1197-1207. 
Ye K.H., Shen L.Y., Lu W.S. (2014) "A Discriminant Model for Measuring Competition Intensity 
of Construction Market." Engineering, Construction and Architectural Management 
21(2): 152-169. 
Zhao, Z.Y., Shen, L.Y. and Zuo, J. (2009). "Performance and Strategy of Chinese Contractors in 
25 
 
the International Market." Journal of Construction Engineering and Management 135(2): 
108-118. 
Zhao, Z.Y., Zuo, J. and Zillante, G. (2011). "Situation and Competitiveness of Foreign Project 
Management Consultancy Enterprises in China." Journal of Management in Engineering 
27(4): 200-209. 
Zhao, Z.Y., Zuo, J., Zillante, G. and Zhao, X.J. (2012). "Foreign architectural and engineering 
design firms’ competitiveness and strategies in China: A diamond model study." Habitat 
International 36(3): 362-370. 
010000
20000
30000
40000
50000
60000
70000
2003 2004 2005 2006 2007 2008 2009 2010 2011
Total Market ($ Million)
Year
Europe Market
Asia Market
Middle East Market
America Market
Canada Market
Africa Market
Latin America/Caribbean Market
International Market (All Firms)
 
05000
10000
15000
20000
25000
2003 2004 2005 2006 2007 2008 2009 2010 2011
Europe
America
Canada
Australia
China
Japan
Korea
All others
Year
International Revenue ($ Million)
 
 
Table 1 Main concentration measures  
Method Description Model 
CR n  Aggregating the market shares of top n 
firms, where n  can be 4, 8, 12, 16, 20, and  
50 (Adelman 1951; Baldwin and Gorecki 
1994). 
∑
=
=
n
i
in SCR
1  
Herfindahl Index (HIn ) Accumulating the market shares of top n 
firms by weighting their market sales (van  
Kranenburg 2002).  
∑
=
=
n
i
iSHI
1
2
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∑
=
×=
n
i
iSHI
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210000
 
Entropy Measuring the degree of disorder, 
uncertainty, or randomness to reflect the 
intensity of market competit ion (Horowitz 
and Horowitz 1968; Davies 1979). 
)/1log(
1
i
n
i
i SSE ∑
=
=
 
Numbers - Equivalent (HNEn ) Measuring the number of equal-sized  
firms which can generate HI, indicating  
that given a type of market, a certain  
number of firms might suffice for purely  
competitive behavior (Adelman 1969;  
Chiang et al. 2001). 
)/(1
1
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=
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i
iSHNE
 
Gini Coefficient Measuring the extent to which firms in the 
industry are unequal in size (Sawyer 
1985; Ghosh 1975).  
∑
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Hall-Tideman Index (HT) Weighting each firm by its rank, and  
placing emphasis on the absolute number 
of firms (Hall and Tideman 1967). 
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1
2 −= ∑
=
n
i
irpHT  
Where: n = number of firms in the 
industry, r = the industry rank of 
each firm, and p j = decimal fract ion 
of output belonging to each firm 
 
  
 
 
Table 2 Concentration ratios in the I-CPS industry 
Year Mean 
Value 
GEN. 
BLDG 
MGF. POWER WATER 
SUPPLY 
SEWER/ 
WASTE 
INDUS./ 
PETRO. 
TRANSP. HAZ. 
WASTE 
TELECOMM 
2001 .1920 .2813 .4669 .3531 .3083 .3556 .3325 .2602 .6404 .7227 
2002 .1677 .3477 .4749 .3213 .3430 .4435 .3502 .2598 .6885 .7757 
2003 .1901 .2670 .5650 .4948 .4866 .4133 .4060 .2682 .6699 .8915 
2004 .1853 .4306 .7897 .4183 .4673 .3451 .3785 .4414 .6159 .5622 
2005 .2406 .2651 .5591 .4197 .3626 .3443 .4517 .2616 .6106 .6807 
2006 .2116 .2421 .5626 .4162 .3615 .3372 .3936 .2602 .6760 .7422 
2007 .1925 .2389 .4396 .3472 .4289 .3633 .3608 .2718 .7107 .6908 
2008 .1973 .2667 .4834 .3349 .3684 .3441 .3736 .2722 .7183 .7887 
2009 .1983 .2621 .5706 .2816 .3384 .3473 .3789 .2806 .7044 .6082 
2010 .1860 .3397 .4013 .2413 .3120 .2780 .3518 .2612 .7456 .6924 
2011 .1866 .2785 .4798 .2455 .3271 .3348 .3548 .2714 .7934 .6147 
Mean .1953 .2927 .5266 .3522 .3731 .3551 .3757 .2826 .6885 .7064 
Std. 
Dev. .0176 .0548 .0993 .0759 .0582 .0408 .0313 .0506 .0523 .0891 
 
  
 
 
Table 3 Rank distribution of IDFs in 2001 and 2011 
Year 2011 
2001 
Rank 1-10 11-20 21-40 41-60 61-80 81-100 101-125 >125 Others 
1-10 6 1 0 0 0 0 0 0 3 
11-20 3 1 4 0 0 0 0 0 2 
21-40 0 5 3 6 1 0 0 0 5 
41-60 0 0 2 0 2 3 2 0 11 
61-80 0 0 2 1 6 1 1 0 9 
81-100 0 1 0 1 1 0 0 5 12 
101-125 0 0 0 2 1 1 2 5 14 
>125 0 0 0 1 1 2 4 12 55 
Others 1 2 9 9 8 13 16 53  
 
  
 
Table 4 Mobility indices of the I-CPS sector 
Indices GEN. 
BLDG. 
MGF. POWER WATER 
SUPPLY 
SEWER/ 
WASTE 
INDUS./ 
PETRO. 
TRANSP. HAZ. 
WASTE 
TELECOMM 
EX 0.3570 0.4135 0.5266 0.3881 0.3235 0.2462 0.2506 0.3054 0.7168 
EN 0.3172 0.7505 0.3749 0.3852 0.4956 0.3559 0.3053 0.4657 0.8100 
CNNG 0.2340 0.3630 0.1072 0.2558 0.3011 0.2427 0.2054 0.2647 0.1750 
CNLS 0.2721 0.0261 0.2589 0.2587 0.1290 0.1504 0.1659 0.1043 0.0819 
TURNE 0.3371 0.5820 0.4508 0.3866 0.4095 0.3010 0.2780 0.3856 0.7634 
TURNC 0.2530 0.1946 0.1831 0.2573 0.2150 0.1965 0.1856 0.1845 0.1284 
TURE 0.5902 0.7766 0.6339 0.6439 0.6246 0.4975 0.4636 0.5701 0.8918 
 
  
 
Table 5 Pattern of mobility  
Indices  GEN. 
BLDG. 
 
MGF. 
 
POWER 
WATER 
SUPPLY 
 SEW ER/ 
WASTE 
 INDUS./ 
PETRO. 
 
TRANSP. 
 HAZ. 
WASTE 
 
TELEC
OMM 
CORSH 0.506 0.344 0.546 0.477 0.663 0.785 0.674 0.964 0.388 
REGSH 0.524 0.505 0.279 0.564 0.922 0.873 0.671 1.714 0.231 
 
 
  
 
Table 6 Stability of the I-CPS market 
Indices 
 
 
 
 
 
 
CORSH 
REGSH 
Number of industries (%) 
Classification Increasing/ Decreasing 
(0.00-0.89; 1.10+) 
Stable 
(0.90-1.09) 
Total 
Low 
(0.00-0.89) 
7 
（77.78%） 
1 
（11.11%） 
8 
（88.89%） 
High 
(0.90-1.00) 
1 
（11.11%） 
0 
(0) 
1 
（11.11%） 
Total 8 
（88.89%） 
1 
（11.11%） 
9 
（100%） 
 
